ABSTRACT. Sodium-dependent bile acid upta!te is developmentally regulated in the rat ileum. Transport activity is abruptly expressed on postnatal d 17, although the mechanisms controlling this expression are poorly understood. Changes in bile salt metabolism and hepatic transport result in a marked increase in bile flow before postnatal d 17, and thus this study examined the effects of bile salt feeding on the development of ileal bile acid transport. Twelve-d-old rat pups were gavage-fed saline, taurocholate, or mannitol on a daily basis for 3 d. Sodium-dependent bile acid transport was studied by rapid filtration using ileal brush-border membrane vesicles prepared from the various experimental groups. Taurocholate feeding resulted in precocious development of sodium-dependent bile acid transport and induction of sucrase activity. Mannitol feeding, used as a control for the effects of diarrhea-induced stress, resulted in similar sucrase activity, yet sodium-dependent bile acid transport was induced to only half the level observed in taurocholate-fed animals (3.2 + 1.6 versus 6.9 + 2.0 pmol/mg protein145 s, p < 0.001). Serum corticosterone levels were similar in the mannitol-and taurocholate-fed animals (3.8 + 1.3 versus 4.6 + 1.8 yg/dL). Both feedings lead to histologic maturation of the ileum, with a more pronounced effect in the taurocholate-fed pups. Bile salt feeding induces precocious expression of ileal bile acid transport, apparently by both diarrhea-induced stress and a bile salt-specific effect. (Pediatr Res 33: 221-224,1993) Abbreviations BBMV, brush-border membrane vesicles
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Sodium-dependent bile acid uptake in the rat ileum is abruptly expressed on d 17 of postnatal life, although the mechanisms controlling this change in expression are not well understood (9-1 I) . It has been demonstrated that pharmacologic doses of corticosteroids will induce precocious development of this transporter, whereas the effects of intestinal lumen contents on this system remain unstudied (1 1, 12) . Before d 17 of postnatal life, significant changes in bile salt metabolism occur, including expansion of the bile salt pool and the development of hepatic transport mechanisms; the end result is an increase in bile flow (13) (14) (15) (16) . The following studies were undertaken to assess the effects of bile salts on the development of the ileal bile acid transport system. Animal feeding. Animals were housed, fed, and handled according to the NIH Guide for the Care and Use of Laboratory Animals and under a protocol approved by the Yale Animal Care and Use Committee. Experiments were performed on single natural litters of 12-d-old rat pups that were housed with the natural mother and exposed to 12-h day/night cycles. At the start of the experiment, the pups were randomized to two or three groups, identified by ear punch, and weighed. The pups were gavage-fed a volume of 2 mL/100 g body weight daily (between 1600 and 1800 h) on three consecutive days (i.e. postnatal d 12 to 14). The formulations of the feedings were: saline, 245 mM NaC1; taurocholate, 95 mM sodium taurocholate + 150 mM NaCI; and mannitol, 570 mM mannitol. Dosedependence studies were performed with alterations in volume of identical concentration formulations. Animals were weighed on postnatal d 15.
MATERIALS AND METHODS

Animals
Membrane preparation/charactcrization. Animals were killed by decapitation, and a 20-cm segment of terminal ileum and a 15-cm segment of proximal jejunum were obtained. Tissues were homogenized and BBMV were prepared as previously described (10) . Sucrase levels were measured in ileal and jejunal homogenates. Brush-border membrane protein enrichment was assayed using leucine aminopeptidase as a marker (12) . Intravesicular volumes were estimated by measuring the uptake of L-['HI alanine into BBMV at equilibrium (60 min) in the presence of a 100-mM sodium or potassium thiocyanate gradient (10) . Protein levels were measured by the method of Lowry et al. (1 7) . Serum corticosterone levels were measured by RIA (Endocrine Sciences, Calabasas Hills, CA). Distal ileal tissue was fixed in Carnoy's solution and embedded in paraffin. Sections cut at 5 pm were stained with hematoxylin and eosin.
Transport. Membrane vesicle transport was assayed in quadruplicate using the rapid filtration method (10) . Briefly, 40 to 70 pg of protein in BBMV were suspended in a solution of 2.2 pM 3H-taurocholate, 50 mM mannitol, and 100 mM NaCl or KCl. After a 45-s incubation (time of maximal uptake) at 37"C, transport was stopped by the addition of ice-cold 50 mM mannitol, 100 mM NaC1, or KC1. BBMV were then isolated using a 0.45-pm nitrocellulose Millipore filter, and associated radioactivity was assayed by liquid scintillation. Sodium-dependent transport was defined as the difference in vesicle-associated radioactivity in the presence of a 100-mM sodium versus a 100-mM potassium gradient.
Statistical analysis. All values are reported as the mean + SD.
Means were compared using 1 test.
RESULTS
Taurocholate versus salinefeeding. Pups in four separate litters were randomized in four separate experiments to receive taurocholate or saline feedings. The feedings were well tolerated by both groups, with no significant difference in final weight (taurocholate 29.1 f 3.1, saline 29.3 + 3.6 g). Modest diarrhea was observed in the taurocholate-fed pups but not the saline-fed animals. Brush-border membrane protein yield was similar in the two groups, and both preparations demonstrated 8-to 12-fold enrichment in leucine aminopeptidase. BBMV-associated taurocholate in the presence of a K+ gradient was similar in the two groups (saline 14.6 + 3.7; taurocholate 12.2 + 3.2 pmollmg protein145 s; n = 12 in each group), thus demonstrating no significant differences in binding or passive diffusion of bile salts. Na+-dependent uptake of taurocholate was present in taurocholate-fed animals but not in the saline controls (Fig.1) . The observed taurocholate uptake was approximately 20% of that measured in BBMV from adult rats in our laboratory (32.2 -t 8.1 pmollmg protein145 s, n = nine assays from five BBMV preparations). Sucrase activity was 2-to 3-fold elevated in homogenates from taurocholate-fed pups compared with saline-fed controls. Histologic examination of the saline-fed animals revealed a developmentally appropriate apical endocytic complex in enterocytes lining the entire surface of the villi, whereas the p<.o1 taurocholate-fed animals had a more mature phenotype without an endocytic complex except at the tip, where a small number of less mature forms remained (1 8; Fig. 2) .
Dose-dependency studies. Because of concerns that the above effects might be secondary to diarrhea-induced stress, limited studies of the dose-dependency of this response were undertaken (19) . In one set of experiments, a litter was randomly divided into three groups, and the pups were fed 10, 25, and 95 mM taurocholate. Sodium-dependent bile acid transport was not seen in the pups fed 10 and 25 mM taurocholate. Sucrase activity was elevated only in the pups fed 95 mM taurocholate. In an effort to determine a control feeding that would result in similar diarrhea and sucrase induction, a variety of mannitol doses were tested. A litter of rat pups was randomized to receive 95, 265, or 530 mM mannitol. A modest diarrhea was seen in the pups that received the highest dose of mannitol, yet no significant sodiumdependent bile acid transport was observed. Sucrase activity was induced to a level that approached that seen in the taurocholatefed animals, and thus a slightly higher concentration was chosen as the osmotically active control feeding.
Taurocholate versus mannitol feeding. Pups in three separate litters were randomized in three separate experiments to receive either 95 mM sodium taurocholate + 150 mM sodium chloride or 570 mM mannitol. Both feedings were well tolerated by the rat pups (Table 1) . Weight gain and survival were not significantly different. Enrichment of leucine aminopeptidase in the BBMV versus ileal homegenate was approximately 10-fold in both groups. Intravesicular volumes of the BBMV prepared from both the mannitol-and taurocholate-fed animals were similar to those of normal 15-d-old pups (normal 1.33 f 0.14, mannitol 1.3 1 -t 0.28, taurocholate 1.42 + 0.07 pL/mg protein, n = 6 for each).
In addition, modest diarrhea was seen in both sets of animals, and homogenate sucrase activities were similar. Serum corticosterone levels in a limited number of mannitol, taurocholate, and normal pups were also not significantly different (normal 3.45 k 1.23, mannitol 3.78 + 1.26, taurocholate 4.64 k 1.78 pg/dL, n = 5 for each). Ileal histology revealed partial maturation in the mannitol-fed animals (Fig. 2) . Sodium-dependent bile-acid transport was seen in vesicles from both groups with 2-fold higher transport in the taurocholate-fed pups (Fig. I) . BBMV-associated taurocholate in the presence of a K+ gradient was similar in the two groups (mannitol 9.6 k 2.7, taurocholate 10.6 -t 1.6 pmoll mg protein145 s; n = 12 in each group), again demonstrating no significant differences in binding or passive diffusion of bile salts.
DISCUSSION
This study clearly demonstrates that gavage feeding of taurocholic acid will induce precocious development of sodiumdependent bile acid transport in the rat ileum. The feedings were well tolerated by the animals and had no effect on the preparation of BBMV. The dose of bile acids that was associated with the induction of transport activity is in the range of the daily output of bile salts by a 21-d-old rat pup (16) . Smaller doses did not appear to induce any effect. The critical issue is the specificity of these effects on the precocious development of bile acid transport activity.
Two separate control feedings and three measures of intestinal maturation were used in this study to clarify the specificity of the effects of bile-salt feeding. In the initial experiments, an isoosmotic feeding of saline was used. This was meant to control for the physical stress of daily gavage feedings and for the effects of the administration of a volume of hyperosmotic liquid. The taurocholate feedings led to a precocious induction of bile acid transport with evidence of more global maturation, including increased sucrase activity and absence of the apical endocytic complexes. There was no evidence of maturation in the salinefed animals. Although the saline feedings served as an adequate control for the stresses of orogastric gavage feeding of hypertonic solution, they did not appear to induce diarrhea. Thus, it appears which may be a stimulus for ileal development. Interestingly, the response to bile salt feedings at this age is clearly different from the down-regulation of bile acid transport that has been reported in adult rats (23) . The receptors that mediate these effects and their mechanisms of action are unknown. Direct studies of bile acid-induced effects on development will be facilitated by the purification of the ileal bile acid transporter and by the cloning of its gene and promoter elements.
